Risk factors for the development of progression chronic venous disease (CVD) and varicose veins are widespread and include advanced age, excess body weight, sedentary lifestyles and occupations, family history, and pregnancy. Varicose veins and CVD are associated with venous hypertension, venous reflux, dysfunctional venous valves, and vein wall inflammation, though the precise etiologies are unclear. Once venous pathology develops, it can progress through a vicious cycle of inflammation and leukocyte recruitment that leads to further deterioration of vein walls and valves, increased hypertension, and release of additional proinflammatory mediators. Early treatment of symptomatic varicose veins and CVD as well as lifestyle changes can help break the inflammatory cycle and alleviate symptoms. Physicians and patients should be aware of the risk factors for CVD, the treatments and measures available to slow disease progression, and the serious consequences of allowing the disease to progress unchecked. Funding: Servier (France).
INTRODUCTION
Risk factors for the development of chronic venous disease (CVD) and its progression are widespread [1] [2] [3] . Some factors can be mitigated through lifestyle changes to increase physical activity, stop smoking, and reduce excess bodyweight, but others are unmodifiable. For example, people with a family history of varicose veins or CVD are predisposed to developing these same conditions, aging is a strong and unavoidable risk factor, and the prevalence of CVD tends to be higher in women, especially if they have been pregnant. While having children is a choice, it is unlikely that many women would avoid pregnancy for the sole reason of reducing the risk of developing varicose veins. In addition, reducing excess bodyweight and preventing its return are difficult for many overweight or obese individuals. Given the inevitability of developing CVD in many individuals, it is critical to understand how CVD progresses and how this progression can be slowed or prevented.
This article is based on previously conducted studies and does not contain any studies with human participants or animals performed bythe author.
CLINICAL PROGRESSION OF CVD
CVD progression is defined as a change in clinical signs that indicate an increase in CEAP class, as a change in symptoms, or changes in both [4, 5] . Progression of CVD is highly variable and proceeds along different pathways in different patients, though some patterns are evident [5] [6] [7] . In addition, the early signs and/or symptoms of CVD cover a wide spectrum of presentation. For example, some individuals with superficial venous reflux may be symptomatic but without varicose veins, while others with varicose veins may or may not have venous symptoms [6] .
Examples of progression have been investigated in CVD patients waiting for or delaying elective vein surgery [6] . Among 116 limbs in 90 patients, reflux detected by duplex ultrasound was the predominant pathology and was present in 97.4% of the limbs. At a second ultrasound scan 1-43 months later, disease had progressed in 31 limbs (26.7%), of which 14 (12.1%) had a new site of reflux and 17 (14.7%) had an extension of pre-existing reflux. Thirteen limbs (11.2%) had progressed to a new clinical stage: seven went from C2 to C3, four from C3 to C4, and two from C4 to C6; however, new reflux was detected in only seven of these limbs.
A clinical case illustrates an example of progression with symptom worsening but no change in venous reflux. A female patient with two children and a family history of varicose veins (mother) presented with heaviness, itching, and varicosities in the right lower limb and reticular veins, but without symptoms in the left leg. Duplex ultrasound demonstrated reflux in the great saphenous vein (GSV) from the junction to the mid-thigh with a varicose tributary extending to the lower calf. The patient agreed only to therapy with elastic compression stockings. She returned 34 months later complaining of swelling, pain on standing, heaviness, and itching in the right leg, though the left leg remained asymptomatic. A second duplex scan showed no changes from the previous examination, suggesting that the symptom worsening could be due to microcirculation deterioration. No other factors were implicated as the patient had no other comorbidities and no changes in either physical activity or bodyweight.
MECHANISMS OF DISEASE PROGRESSION
Chronic venous hypertension and dilatation lead to a number of pathophysiologic changes in the vein wall and surrounding tissues [8, 9] . Altered shear stress and initial inflammatory processes at the vein wall lead to endothelial cell activation, which increases the permeability of the endothelium. In addition, abnormal hemodynamics allows multiple other factors to come into play, such as hypoxia, dysregulated apoptosis, and extracellular matrix changes, all of which can influence varicose vein development at the cellular level [10] . Following red blood cell extravasation through the damaged endothelium and vein wall and red blood cell breakdown, fibrin and hemosiderin concentrations increase in the tissues and activate mast cells and macrophages, which contribute to further endothelial cell activation and inflammation. Activated endothelium also triggers adhesion and migration of leukocytes through the vein wall, where they release TGF-b 1 and proinflammatory cytokines, all of which stimulate collagen synthesis by fibroblasts, increase vascular wall thickening and remodeling, and potentiate inflammatory cascades.
One of the critical events that begins this vicious cycle of inflammation and tissue destruction is the infiltration of leukocytes through the venous endothelium into the vein wall and surrounding tissues. This occurs at endothelial cell junctions through a process known as diapedesis in which it appears that leukocyte signaling directs the rearrangement of cell-cell junctions such as adherens junctions formed by vascular endothelial cadherins and tight junctions formed by claudins [11] .
Chronic inflammation alone can have deleterious consequences on venous flow. Arterial and venous flow patterns in legs of patients with C4-C6 CVD were found to be similar to those in patients with leg inflammation caused by cellulitis [12] . Healthy volunteers (n = 20) exhibited normal phasic blood flow in all GSVs, calf perforator veins, and popliteal veins. Among patients with C2 CVD (n = 21), abnormal continuous flow indicating venous valve dysfunction was found in only two patients. In contrast, between 19 and 24 patients with C4-C6 CVD (n = 29) exhibited abnormal continuous venous flow with or without hyperemic (excess) flow in at least one of these veins, and all patients with cellulitis (n = 12) had abnormal flow patterns in at least two of the veins. In a relative measure of inflammation, patients with C2 disease were approximately four times more likely than healthy controls to have enlarged lymph nodes, and patients with C4-C6 disease were approximately 13 times more likely. These results suggest that inflammation can lead to abnormal venous flow and that inflammation severity parallels the severity of CVD.
The microcirculation also becomes increasingly impaired in CVD. Vasomotor activity in the skin microvasculature of CVD patients tends to decrease with increasing CVD class, and the amplitude of vasomotor cycles is significantly higher in C4-C6 patients than in C1-C3 patients [13] . As CVD progresses in severity, the microvasculature network in ulcerated skin becomes very dense and highly disorganized. Such pathologic deterioration of the microcirculation is consistent with the classical signs and symptoms of C4-C6 CVD.
In CVD progression, the risk factors that lead to chronic venous hypertension and dilatation, and the consequent inflammation, also create a vicious circle of pathologies that worsen abnormal venous flow, further increase local venous pressure, damage venous valves, and potentiate inflammation (Fig. 1) [14] . Local inflammation brought on by leukocyte adhesion and infiltration leads to structural alterations in the walls and valves of veins, which increase venous reflux, capillary hypertension, leakage, and edema, all of which contribute to inflammatory responses in the surrounding tissues and skin, and can eventually lead to ulceration.
However, a second case history illustrates that severe GSV reflux alone, without varicose veins or obstruction, can lead to symptoms. The case in question was a 39-year-old mother of three children who presented with leg tenderness and local pain that was most severe at day's end and was relieved by leg elevation. She had no varicose veins but severe GSV reflux lasting over 5640 ms, which extended from the preterminal valve to the upper calf and into some first-to third-order tributaries. Small saphenous and deep veins were normal with no reflux or obstruction. The patient was diagnosed with subclinical segmental CVD (C0 s). Such a patient at early-stage CVD warrants treatment to relieve symptoms and prevent disease progression. Standard conservative treatment could begin with compression stockings and a vasoactive drug such as MPFF (micronized purified flavonoid fraction, e.g., Daflon(R)) along with follow-up to determine whether the treatment is acceptable and effective. Although effective for symptom relief, compression stockings have not been shown to slow progression or prevent recurrence of varicose veins [15] . Thus, the addition of MPFF, which has been shown to effectively reduce the signs, symptoms, and inflammation related to CVD, may help slow progression. Invasive endovenous treatment at this stage is controversial, and no guidelines exist for its use in such patients.
THE NATURAL HISTORY OF CVD PROGRESSION
Epidemiologic evidence from large cohorts shows that CVD progresses at a substantial rate, portending marked increases in patient burdens in coming decades as the population ages and life expectancies become longer. In the Framingham Study of 3822 adults, the annual incidence of varicose veins was 2.6% in women and 1.9% in men [2] . Incidences of varicose veins and CVD reached 14% in the Bonn Vein Study after 6.6 years of follow-up [16] . Progression in this study was much higher in C2 patients with saphenous varicose veins, 31% of whom progressed to C3-C6 over the follow-up period. The main risk factors for progression were advanced age, high BMI, and symptoms of swelling sensation in patients with varicose veins. In the Edinburgh Vein Study, 57.8% of 334 CVD patients had progressed to more severe varicose veins or CVD, or developed new varicose veins, after a mean follow-up period of 13.4 years, with an annual progression rate of 5% [5] . Almost 1/3 of patients with varicose veins developed skin changes, putting them at risk of ulceration. The lifestyle and clinical factors most strongly related to progression were advanced age, family history of varicose veins, history of deep vein thrombosis, high BMI, and venous reflux. In particular, reflux in the small saphenous vein coupled with deep reflux, was likely to be associated with a higher risk of progression. That venous reflux, particularly superficial combined with deep venous reflux, was associated with greater progression suggests that duplex scanning could be a useful prognostic tool to identify patients at risk for rapid progression.
High progression rates have also been confirmed in other studies [5] [6] [7] [16] [17] [18] [19] . However, additional studies are needed to determine the risk of progression to venous ulcers, which greatly impact patient QoL and healthcare resources, and to define which patients may benefit from early vein interventions to prevent progression. Clearly, CVD progression cannot be ignored, and interventions are needed to prevent deterioration, benefit patients, and reduce healthcare costs.
RECOMMENDATIONS
There is ample published evidence to show that, when patients are managed appropriately, conservative and interventional treatments for CVD can significantly improve disease-specific and generic health-related QoL, relieve a wide range of troublesome lower limb symptoms, delay and prevent the onset of complications of CVD, and provide a highly cost-effective use of healthcare resources [20, 21] . Though prevention is not currently possible, patients with risk factors should be monitored for signs of earlystage disease and treated appropriately to manage disease progression. Patients should be informed of the risk factors for CVD and its consequences and should be encouraged to reduce risk where possible. In all applicable cases, lifestyle changes are warranted to increase physical activity, stop smoking, and reduce excess bodyweight. In patients with subclinical segmental disease, compression stockings with or without MPFF are recommended for symptomatic relief [15] . However, because compliance can be low with compression therapy, these patients should be followed up to determine whether this therapy is acceptable or alternative measures are needed. Therapy with venoactive drugs may also be recommended, many of which have demonstrated efficacy for the signs and symptoms of CVD and can slow progression [21] . In patients with advanced CVD, such as those presenting with edema, skin changes, or ulceration, aggressive interventions are necessary and physicians should consider procedures to treat reflux and obstruction, while compression therapy and venoactive drugs have been shown to promote ulcer healing.
CONCLUSIONS
There is no prophylaxis for varicose veins, though some risk factors are modifiable. Without appropriate treatment, CVD will progress in most cases because of a cycle of chronic inflammation that leads to further deterioration in venous flow, venous hypertension, and edema. Early treatment of symptomatic varicose veins or CVD, however, can improve symptoms and signs as well as health-related QoL and can slow progression. However, varicose veins removed through surgical or endovenous methods are very likely to recur despite treatment. Preventative programs may help to inform patients about the risk factors for CVD, how they can reduce risk, the early symptoms, and the serious consequences of progression. To slow CVD progression, patients in general should control their weight, increase mobility and physical activity, wear compression, if applicable, and use venoactive pharmacologic treatments demonstrated to be effective for the signs and symptoms of CVD.
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